The general context of our study is that of the emergence of an ecosystem of innovation and business in relation to IT in a world market in full restructuring. We studied the case of the fashion industry to determine how actors interact and how companies seize new business opportunities. Our qualitative research is based on an exploratory approach; an abductive method allows us to go back and forth between literature review, data analysis and interpretation. Traditional industries are subject to strong global competition, and we ask ourselves the following question: in the context of the 4th Industrial Revolution, how do the clothing and fashion industries remain competitive? Should they increase strategies for innovation, creativity, and the integration of new digital technologies? In short, our paper shows how firms are adopting new business models in a digital context. We found that the new business model is based on the use of various skills, the establishment of intersectoral cooperation (IT, design, textiles, health, etc.) and the search for innovations. These elements are at the heart of the strategy chosen to penetrate a niche market that of intelligent objects and garments. These processes are reflected in a dynamic of intersectoral convergence, which provides new avenues for innovation on the basis of new digital technologies.
moments when a type of society, a mode of production, enters into crisis and begins its period of transition" [1] [Our translation: p. 4]. The problem of industrial reorganization, moving from "the old business model based on dominant domestic production" [2] [Our translation: p. 22], is a global phenomenon affecting all industrialized countries. This crisis testifies to the decline of traditional industries, putting western industries facing contemporary problems of renewal of the value chain. The integration of innovation and creativity in new business models seems to be a sine qua non for SME's competitiveness on a national and international level.
It is against this backdrop of globalization marked by an economy of uncertainty [3] that Quebec's industries, especially the textile and fashion industry, have lost many jobs, especially in the field of production. These industries thus have to envisage their transition. Moreover, the 4th Industrial Revolution invites us to rethink the industrial structures and business models of companies, and encourages them to adopt new digital technologies. This is why R & D and innovation research activities are increasingly favored. Moreover, to maintain its competitiveness Québec must encourage innovation and the development of new materials and garments with higher added value [4] [Our translation: p. 26].
This changes the usual modes of cooperation [5] and there is a transformation of relationships between key players in different ecosystems (creative sectors: software; fashion; technology and digital industries; clothing and textiles, etc.).
These sectors eventually interpenetrate to find new niches and solutions. To accompany these changes, many players intervene: public and private; govern- Therefore, the wearable object is approached in connection with the environment in which it unfolds. In other words, it develops within an emerging ecosystem of innovation, encompassing other ecosystems, where entrepreneurs develop business models for the production of intelligent clothing amongst others (Public policies and the role of intermediary organizations in supporting businesses was studied in other works [6] ).
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Industrial Changes in the Digital Economy
The garment and textile industries have undergone significant changes in North America, notably following the adoption of free trade agreements in 2005.
Among the major changes were the elimination of quotas on imports of textiles and clothing, the abolition of quotas, the establishment of a highly developed free trade area with China, imports from so-called low-wage countries and the relocation of manufacturing industry.
As a result, industries must rely on new market strategies to reposition themselves [2] [4] . Given the irreversible delocalisation of production and the growing imports of clothing from low-wage countries, governments advise firms to maintain high value-added design activities and increase the value of their products [4] . For example, "The new definition of the industry adopted by the CRHIV, as well as those adopted by the Canadian provinces and the industrialized countries, serves to redraw the perimeter of the industry, not only by looking at the places where the factories are located, but also by analyzing the nature of valueadded operations or activities carried out in Canada" [2] [Our translation:
Creativity and innovation, ensured by the white collar workers of the industry, become major values; they ensure a renewal that allows them to emerge from the crisis and sectoral dead-ends in order to face competition. This is why the apparel industry has become a service industry [2] , in which the knowledge-based economy finds its place. It must take into account its integration into a wider field where several industries are intertwined, especially with the rise of the digital economy.
The Rise of the Digital Economy
In an uncertain global economic environment, the digital economy participates in the advent of the 4th Industrial Revolution [7] . By sketching a technological turn (the Internet of objects, Big Data, etc.), this new economy begins an era of rupture with the paradigms of the past, even an economic and social revolution [8] [9] : "The World Economic Forum describes the fourth industrial revolution as a tsunami of technological advances that will transform our economy" [10] .
Indeed, by the speed of change, this revolution is disrupting all Western and emerging countries. The urgency of adaptation to the 4th revolution was also the theme of the 45th Davos Annual Economic Forum, in Switzerland in January 2016 (Davos is an international gathering bringing together a large number of actors (companies, politicians, intellectuals, journalists) :
"After the first revolution (advent of the steam engine), the second (electricity, assembly line), the third (electronics, robotics), comes the fourth revolution, which combines several factors at work, such as the Internet of objects or Megadata (big data) to transform the economy" [9] [Our transla-tion].
The challenge lies in the democratization of innovation, but we need to look at the mechanisms of its acceleration in the context of globalization and competition [8] . With the use of new technologies (robotics, 3D printing, the Internet of objects, Big Data, platforms, applications, etc.), new entrepreneurial practices, individual or collective, arise. They highlight two main trends: just-in-time and adaptive technology. First, when the need arises, and the response must be fast, secondly, the trend is that the products can be adapted to the needs of a consumer, a tendency to rapidly prototype, innovate and meet increasingly individualized needs [8] .
Unable to ignore these major technological changes, as of 2010, Germany set up the project Industry 4.0project, which offers an organizational plan called "smart or intelligent factories" which revises production throughout the whole value chain [11] . Other countries are following the trend, and are thinking about the new industrial orientations and strategic organizations to be put in place. This is the case of the SME 2.0 program initiated by the Government of Québec [12] .
A global Montreal ecosystem involving nine industrial clusters is proposed by a recent report on the digital creativity industries (2016) as shown in the figure below. "The whole is protean and moving" [13] [Our translation: p.17] and the complex collaborations of multiple actors that result from it vary from one field to another, from one project to another, suggesting that this type of inter-ecosystem cooperation will multiply or be increasingly important. We can see that companies and creators "navigate from one pole to another in this ecosystem, and several subsectors belong to parallel systems" [13] [Our translation: p.17].
The ICT sector generates jobs (92,377 jobs in the metropolis) and Greater Montréal ranks 3rd among the twenty largest cities in North America for growth in ICT employment [14] . The IT services sector is the most represented with a concentration of half the jobs and 75% of the ICT establishments located in the region. It includes software developers, IT services and multimedia [14] (p. 4).
The ICT industry has become an important driver of economic growth and over the past decade we have seen growth twice as high as that observed in the economy as a whole [14] (p. 6). In university research, in these fields, Greater To summarize the general context of our study and that of the fashion sector of wearables in particular are characterized: firstly, by the globalization of markets subjecting traditional industries to strong global competition; secondly, by the advent of the 4th industrial revolution, the digital revolution, with the search for innovation and creativity; and thirdly, by a strong civic, private and public, national and local mobilization, in which various ecosystems composed of industrial, associative, educational/academic and political actors work together.
This collaborative work allows us to develop adaptation strategies in order to distinguish ourselves on the markets by innovating and integrating new digital practices.
Problematics
The Internet of objects will play a major role in the future and the development of new business models is "a global market that will affect all industries and in which investments are estimated at at least six trillion US dollars over the next five years" [15] [Our translation: p. 7]. We are interested in the niche market of wearables, i.e. connected objects and intelligent garments. We find that although this market is growing rapidly, it remains an emerging market that mobilizes several industries and actors in the activities of R&D with a strong need for risk financing and support:
"SFIT [Smart Fabrics and Interactive Textile] wearable systems is a fascinating area with great socioeconomic and industrial potential combining, advanced material processing, microelectronics, sensors, nanotechnologies, telecommunication, informatics, biochemistry, and medicine. Innovation in 'smart textile' is often considered as already achieved, while in this very traditional sector (textile) the process is just at the beginning" [16] (p. 5272).
While many industries are increasingly affected by these technological changes leading to intersectoral collaborations, the actual boundaries of activities within industries and markets become blurred.
Growth in the sub-sectors of software design and publishing being largely favored in Quebec, these are the same subsectors that we find in the business development of new start-ups, in terms of innovative services or products [17] .
There are new business models in the ecosystem of technological innovations, and here innovation is a process in which knowledge transfers, cross-fertilization and collaborations between various sectors are numerous (ICT, textile, garment, health, sport, well-being, etc.). Therefore, the objective of our paper is to show how firms are adopting new business models adapted to the new digital context.
We will see that the business model is based on the use of various skills, the establishment of intersectoral cooperation (IT, design, textile, health, etc.) and the constant search for innovations. These elements are at the heart of the strategy chosen to penetrate a niche market, that of intelligent objects and garments, in a dynamic of convergence of sectors.
Conceptual Framework
For this article, we mobilize the concept of business model and the convergence theory to describe the operation of new firms focusing on technological innovation of products using directly or indirectly internet. As for the business model There are three impacts of convergence, in terms of economic models, boundaries, and management modes which will translate into clear impacts within firms [20] . Chesbrough (2003) observes that today, in such a context of technological upheaval and great competition, companies must develop an open attitude and numerous collaborations (with universities, research centers, private and public partners, organizations, etc.) [21] . In their search for innovation and their R&D activities, IT companies alone cannot have all the knowledge and therefore must either subcontract to access expertise collaborate with other actors to redesign their products. This makes it possible to better respond to market demands and satisfy the needs of target customers; they do this by interacting and distin-guishing themselves through the provision of new services.
Methodology
Our research is exploratory because of the novelty of the field and we opted for a qualitative study [22] [23], empirical with abductive method [24] [25] [26] . This makes it possible to go back and forth between fieldwork and theory [27] [28], and to question theory with fieldwork results, and then again to question fielwork observations with theory.
We began with participatory observations in the IT, garment and textile sectors, which enabled us to clearly identify the key players in the ecosystem under study. We have attended several local events related to our research to get an idea of the collaborations taking place between industries, companies, organizations and other actors, but also to make contacts and clarify our research ques- We created a representative sample of those involved in the market for "wearables" and smart clothes with a sampling technique [29] . We built two interview guides: one for companies and the other for private/public organizations and policy makers. We conducted semi-structured interviews according to the methodology of comprehensive interviewing [27] with 30 representative actors (duration: 1h to 2h) between September 2015 and February 2016. All the interviews were recorded and transcribed. The following Table 1 shows the distribution and codification of the interviews conducted.
Results
In the remainder of this article, we present the cases of companies that have combined information technology, wearables (garment or "portable" element with IT) and clothing. Leveraging niche products and product innovation, the innovative company must mobilize different types of expertise as we will see in the analysis. Let us begin by introducing the context of the ecosystem as it is presented by the actors we interviewed.
Business Context
Montréal, renowned for the influence of these creative industries, its digital creativity, contributes to the positioning of new business models.
"So Quebec was actually an amazing place for (our) • Collaboration
This changing and complex ecosystem requires working through projects, thus subjecting participants to uncertainty, and this requires constant adaptation of professionals and entrepreneurs, encouraging collaboration in order to reduce uncertainty.
"We as entrepreneurs we do not develop a product, we create an organization that generates products, it is far more complex. It is always changing, changing all the time and we are never the same organization six months later [...] . We must constantly evolve, and that influences the development of staff, we want people to become people that will still be needed in six months, in twelve months... We would like to promote it internally and then keep that special expertise that we developed and cohesion in the team" [Interview 2.7] .
Furthermore, collaboration between key players and groups concerned is not always easy, weaknesses are recorded in strengthening the ecosystem in Québec. A development partner supporting innovation in several companies and sectors talked about team collaboration, which requires sustained work and must follow several steps. "If companies come to us, it is because they want our help. When working alone in our laboratory, we can not do this. We need to know the realities of the business to manage these transfers and we need to take into account the realities… and business needs evolve in a two year project. If we said at the beginning: These are the expectations, but two years later we say what are the expectations? In general, they are the same... But there was a process of innovation that brought information, developments that brought changes and we do not always achieve the result we wanted, but we reach an outcome, that's for sure!" [Interview 3.4].
New Business Models: IT, New Technologies and Wearables
Several start-ups in Montreal develop business plans using new technologies, the internet, but also services using 3D technology (online ordering of customized shoes and clothes). Some are still in their infancy, so not strong enough in the market but at least two of them enjoy an international reputation in the niche of smartclothing. We present these two cases here.
• Due to the complexity of the product, the company collaborates with experts from different sectors and set up a multidisciplinary team to have "expertise in electronics, software, biomedical, textile, clothing and financial skills, marketing, marketing innovation, e-commerce" [Interview 2.7] . This diversity of expertise requires sustained management of the various professionals working on the same project: "people are asked to have it all in their heads every time they work on the product" [Interview 2.7] .
"It straddles several areas. We make a garment, but that is a digital technology, so electronics, computer, and then connected to health. So it straddles the software, clothing and the health sector... We work with people in cardiology, heart disease, respiratory disease, sleep disorder..." [Interview 2.7] Various actors are mobilized for the development and commercialization of the product (industrial, professional, and public...)
"We looked for people who had experience in traditional clothing, we have in-house people. Designers were hired to make prototypes, we worked with Vestechpro who made a very important contribution in the product in terms of expertise to move from prototyping to the stage of commercial production... We looked for people who had experience in sportswear. Same for the factories, we make clothes that are close to the body; what is comparable to that today is the sportswear, you know the spandex, the un-derwear, lingerie, swimwear, this field of expertise... So we need all the expertise" [Interview 2.7] .
Finding the local people with these skills, the company developed long term relationships with subcontractors although initially it was necessary to train them for these new products and improve production methods. This now ensures its production line and sub-contracting. Moreover, entrepreneurs have to "constantly invent new manufacturing methods", if "the plant was 12 time zones away, it would be extremely expensive to maintain the innovation cycle". This is why the company prefers to "have higher unit costs but keep the production lines within driving distance from Montreal" [Interview 2.7] .
"There is no factory in the world besides ours that masters all the manufacturing steps because we had to develop it in partnership with our factories. So it took a lot of investment to develop. And it's the same problem for all start-ups. They need to start production with manufacturers who want to do smart clothing but who have never done this and most of the time they have zero experience in intelligent clothing. We visited several factories, we did tests in several plants, and then finally, we made decisions" [Interview
Once the prototype is finalized, these companies rapidly move to an international distribution, thanks to the tools offered by Web 2.0 (media and marketing When a market is geographically remote, regardless of the company, the client support is done online: "if anyone has any problems, they can call us and we can, with permission, see their information and support them. So we have visibility" [Interview 2.7] .
Because these new products offer an unprecedented digital experience, they're new, fun and creative, they need to be publicized (newspapers and specialized sites, blogs, social networks...), which encourages companies to be proactive on Web 2.0, social media, with e-marketing, e-commerce and sometimes the design or maintenance of the website. As noted by the company No 1:
"We have a good presence in social media. This is information, education, customer relations, there's something happening almost every day, around the world. We try to list the events that are happen, with people who do extraordinary things in our social media which facilitates access to information for the people who are interested... When we have new customers coming we try to identify their sources, where they come from, if they are from Twitter, Facebook or Lindkedin? All social media work for us but it depends on the sector: Facebook will be rather for consumers; Lindkedin, more professional; YouTube is more to put our videos; Twitter, it is the influencers that are there, journalists, speakers, communications people" [Interview 2.7].
• Company No 2
The second Montreal firm [E2] is associated with a designer, scholar and researcher for the development of an intelligent garment, with biometric chip, which uses sensors in knitted textiles (for mobile health, welfare and sport).
"The first shirt that we've develop is a male sports shirt, so it's target specifically at fitness, performance for a male athlete and it integrate sensors [...] . The shirt is knitted, so it's basically like a compression shirt, so it has a lot of benefits as well in terms of helping with your posture, helping you pay attention to how you are holding your body and your breathing. It's also antibacterial, etc. But basically through sensing your biometric signals, so your full heart signal and your breathing as well as your movements, etc."
The company also works with a multidisciplinary team and stresses the importance of the textile expertise:
"Our first products are really focused on the engineering of the textile and the development of new types of textiles. We do not position ourselves as a fashion company; it is why we partnered with fashion companies [...] Ralph Lauren is our first partnership and they have the vision of fashion, design" "I've been involved since the beginning so almost four years now in developing the core technologies for integrating the sensing and also the connectivity in the shirts themselves by knitting specifically with different kinds of fibers, so we integrate functional fibers, silver coated fibers together with nylon, polyester etc., to put the sensors and the whole circuitry, everything directly in the shirts themselves" [Interview 2.2.1].
In this case, the explosion of new technologies and communication facilities, connectivity (WiFi, Bluetooth, applications, broadband Internet, etc.), and smart phones have all participated in the development of the business model:
"We can help athletes improve their performance, train better, understand how to push themselves without exhaustion to like really improve their physical condition. So you wear the shirt, but also there is an app, you know, it is functional on iPhone, so the shirt has all the sensors knitted in the textile itself, but then you connect a transmitter box basically, which also has a few sensors in it, it's snapped directly to the side, and through bluetooth it communicates all of the raw data to your phone, and there we have many different applications, many different sort of ways, that you can track yourself in real time, you can analyse yourself overtime, your performance, your biometrics, you can also train with virtual trainers based on your real time biometrics, so it's a very personal experience for training that gives you deep insights into your body, your performance, the kind of insight that was never possible before, because having these sensors directly on your body gives you much more complex signals than just getting your heart rate from the wrist" [Interview 2.2.1].
The second product development stage was to the female market in sports and well-being.
"The second step [...] . We are developing a women's product right now, which is also in the sports sector [...] . So the first step is really sports performance, understanding insights into the body training, the second step is to actually have much more predictive metrics" [Interview 2.2.1].
Then a third market is targeted, that of the health sector, the future market, which requires certifications that are to obtain: "It's not what we are focusing on right now for several reasons, one is that to get FDA approval for products, it's a very long process" [Interview 2.2.1].
"The last step, is what we called CARE, and that is a range of products that we foresee that we will have in the next five years, that will help you to predict, not just stress and performance and when you are most productive, but also perhaps some medical conditions that we should be aware of. [ The government supports the firms with various aids and partnerships are also important for R & D activities, as our interviewees mentioned.
• Other cases In the NFC chip, for example "you approach your phone to the chip and the information on the animal will appear on your phone" [Interview 2.9] . Manufactured in China, they are cheap products that are sold primarily on the internet or in collaboration with retailers from different sectors (Wines, Sephora, etc.).
This French entrepreneur admits not having moved much physically but he benefits from technologies and resources found on the Internet.
"In China I went once, so it works well on the internet, by email, Skype sometimes... Why China? Because in terms of costs it is a ratio of 1 to 10 relative to the French cost, so it's huge. How did I find them? On Ali-Baba, I made inquiries, I selected a dozen vendors, I requested samples, I sorted them out because there are suppliers who are not very reliable, and then at some point, I went to meet physically with two or three suppliers, to make sure... Alibaba.com is a marketplace that lists all vendors, all Chinese manufacturers. This is one of the largest companies in the world" [Interview 2.9].
To communicate these objects need to go through a connection to applications from a smart cell phone or a computer. They are different from the connected objects themselves, which require continual capture of information which is then sent on the web: "For example, there are bracelets that are connected to constantly analyze your pulse, pressure, etc., and they send these informations permanently to a smart phone. This can be very sharp. Me, it is not what I do! That's very expensive and it is very complex. I am working with passive objects, which are communicating information [...] if we approach the phone at that time it's going to talk to you and it'll say things but only if we approach the phone. That's why it is communicating but it is not connected" [Interview
Selling online is a common practice in the dissemination of connected objects, as we have seen also for company No 1. The challenges facing this other entrepreneur, which has hired a business school graduate, is a lack of expertise in viral marketing. The interviewee said he must develop his products in collaboration with designers. "The expertise that I lack is not so much on products but on marketing, to push viral marketing on social networks... This is an expertise that I don't necessarily have and that I hire from time to time". "Also, I always need to aesthetically improve the product so I can always hire designers" [Interview 2.9].
These objects making use of technology in a different way from those making smart clothes are much less expensive. The internet sales channels are numerous and entrepreneurs in this market rely on e-marketing to make themselves visible.
"I also sold with sales platforms online, there's one called fiverr [ However requires the firm to renew its skills and be constantly on the lookout for new ways of doing things. From this point of view, the French entrepreneur mentions his difficulty to access all the knowledge required to organize his evisi-bility.
The firm uses several sub-contractors, especially for the development of his presence on the internet. "The design, I subcontracted. For example, I have subcontracted to a society that does the website, I sometimes subcontract for video creation, I subcontract for social marketing on social networks [...] . I work a lot with advertising agencies and they sometimes recommend me" [Interview 2.9.2].
Discussion
With the rise of the Internet of Things (IoT), the expected effects of the convergence of technologies and organizations producing intelligent products are observed in terms of the three following dimensions:
1) The ongoing adaptation of services depending on the technology available which requires a redesign of the value chain of the ICT industries [30] and management of knowledge oriented towards the development of specific market niches;
2) Outsourcing or access to specific skills increasingly needed in order to develop technological innovation and new offers on a competitive market;
3) Finally, the legitimacy of companies, industries or sectors has to be estab- The convergence in the ecosystem of the digital economy rests partly on intersectoral collaborations, but also on the importance of IT in these ecosystems.
According to Chesbrough (2003) , companies need to be more open and to develop more collaborations, differentiating themselves from the closed operation of traditional businesses [21] . This will make it possible for them to better meet the needs of new customers in the market, with the online service offerings (eg. tracking, synchronizing, analyzing biometric data online to accompany the client).
Today's firms or start-ups can start by offering an innovative technology or product and then they can move from one ecosystem to another. In our study, companies are in an ecosystem which is that of mobile and smart phones because of the possible connection anywhere. They are also related to the Internet of Things, because some produce an object to wear: connected, communicating and/or intelligent. These ecosystems also have relations with more traditional industries for the manufacturing of clothing or objects (watches, bracelets, shoes, etc.). The integration of technologies into these objects allows for the process of cross-fertilization between, for example, the work of engineers and the manufacturers or designer (object, clothing, etc.). However all these ecosystems converge in IT and the digital economy, leading to the system of smart objects. This dynamic is complemented by the contribution of technology connections and data processing (software, applications, etc.).
The value chain is redesigned in this context and it is dependent on convergence which "here implies a particular configuration of the concentration of players and a mixed positioning around the intelligence of services offered at the chain end" [20] Businesses need to constantly rethink their business models, including the offers and the quality of services towards a target client or via interaction on a platform [19] . Companies thus try to better meet the needs of socialization, health, well-being, and fashion in the digital era. To confront Internet giants such as Google, Amazon, etc., and successfully gain a share of the market, emerging firms must increasingly be proactive, but also strive for excellence in innovation and business models.
Conclusions
Let us recall that our conclusions are based on the full research that is participant observation, observation of the web, our 30 interviews, which were followed by thematic analysis and an abductive method which made us go back from theory to fieldwork results. We went back and forth from fieldwork results to theory, and questioned theory with results, and results with theory. This led us to the above discussion and present conclusion.
As we observed, some companies we met are rather specialized in technical clothing and realize important innovations (textile which can breathe, is fire resistant, cold resistant, etc.). These companies use the internet and their website in their business development, but also contacts with international markets.
Other start-ups are using technology including Web 2.0 (3D scanner, analysis and transmission of data via a website) for measurement services related to the body and to order products (suits, shoes...). Here the technology is mainly used to sell a final product. These companies have spontaneously used e-commerce and digital marketing.
We observed in our cases that collaboration is a challenge for these compa- Communicating garments also call for this cross-fertilization and our research and interviews show that these cooperations are at the beginning of their development. Integrating sensors, software, intelligent fiber design, the garment be-comes a receptacle for these new technologies converging to connect to a server via a mobile application to track data (heart rate, sleep, etc.). Also, to conclude, this is what is planned in the future in the industry: "The next step, truly convergent, is to introduce not only wires and equipment in classic clothes but to introduce electronics in the material itself" [20] [Our translation: p. 82]. This also represents an important challenge and will require all the more collaboration and cross-fertilization.
Among the limitations of this research we need to mention the small number of companies that we analyzed as case studies; this can be explained by the fact that these new business models based on the niche of smart clothing or wearables, are only emerging. That is why we presented an exploratory study of the cases presented to document the process of collaboration and convergence, which leads to innovation in these new markets.
In the continuation of our research, we plan to look into the success factors for collaborations by analyzing other cases of businesses, particularly abroad, since there are relatively few cases in each country. We also will try to determine if these companies nevertheless cooperate, even if there is intense competition between them, and we will try to see what the best level of cooperation is, i.e. local, regional, national or international, or if this may be different according to the specific "wearable" product.
